This study investigated the neural basis of individual variation in emotion regulation, specifically the ability to reappraise negative stimuli so as to down-regulate negative affect. Brain functions in young adults were measured with functional Magnetic Resonance Imaging during three conditions: (i) attending to neutral pictures; (ii) attending to negative pictures and (iii) reappraising negative pictures. Resting-state functional connectivity was measured with amygdala and dorsolateral prefrontal cortical (DLPFC) seed regions frequently associated with emotion regulation. Participants reported more negative affect after attending to negative than neutral pictures, and less negative affect following reappraisal. Both attending to negative vs neutral pictures and reappraising vs attending to negative pictures yielded widespread activations that were significantly right-lateralized for attending to negative pictures and left-lateralized for reappraising negative pictures. Across participants, more successful reappraisal correlated with less trait anxiety and more positive daily emotion, greater activation in medial and lateral prefrontal regions, and lesser resting-state functional connectivity between (a) right amygdala and both medial prefrontal and posterior cingulate cortices, and (b) bilateral DLPFC and posterior visual cortices. The ability to regulate emotion, a source of resilience or of risk for distress, appears to vary in relation to differences in intrinsic functional brain architecture.
Introduction
Emotion regulation refers to the ability to effectively modulate emotional responses to affective stressors. Effective emotion regulation can be a source of psychological resilience in the face of adversity, and ineffective emotion regulation has been associated with psychological distress, depression and anxiety (Keenan, 2000; Mennin et al., 2005; Biederman et al., 2012a,b) . One powerful strategy for adaptive emotion regulation is cognitive reappraisal, by which an individual can purposefully alter the interpretation of an emotionally distressing situation and thereby diminish subjective negative affect. Reappraisal can be examined not only by self reports of affective states, but also by physiological measures (Gross, 1998) . The experimental study of reappraisal is well aligned with effective clinical practices that promote reappraisal, such as cognitive behavioral therapy. The present study asked whether there is an intrinsic functional brain architecture (a pattern of functional connectivity) that is associated with variation among individuals in relation to more or less effective emotion regulation through cognitive reappraisal.
A decade of research has examined the brain basis of cognitive reappraisal (Ochsner et al., 2002; Ochsner et al., 2004) . A meta-analysis of this research concludes that successful reappraisal that down-regulates negative affect most consistently involves increased activation of brain regions associated with cognitive control, such as prefrontal cortices, and decreased activation of the amygdala (Buhle et al., 2013) . Prefrontal cortices are thought to support the implementation of cognitive reappraisal through the modulation of the amygdala, which reflects the affective consequence of the emotion regulation.
Support for this neuroanatomical model of reappraisal regulation comes from evidence for individual differences such that across people greater activation in cognitive control regions is associated with more successful emotion regulation (Ochsner et al., 2002; Ochsner et al., 2004; Phan et al., 2005; Urry et al., 2006; Wager et al., 2008) . Furthermore, during emotion regulation individuals who are more effective in reappraisal exhibit greater interactions between the amygdala and both lateral and medial prefrontal cortex (MPFC) (Banks et al., 2007) . MPFC is a major component of the default mode network (DMN), which is associated with self-reflection (Raichle et al., 2001; Kelley et al., 2002; Whitfield-Gabrieli et al., 2011) , and intentional emotion regulation may involve self-reflection.
Although individual differences in emotion regulation effectiveness have been associated with individual differences in brain functions occurring during an emotion regulation task, it is unknown as to whether such individual differences reflect transitory (state-like) factors, such as fluctuations in mood, fatigue, or motivation, vs stable (trait-like) variation in functional brain architecture. One approach to addressing this question is to relate variation in emotion regulation effectiveness to variation in resting-state functional Magnetic Resonance Imaging (fMRI) measures of intrinsic functional brain architecture that reflects long-term brain network organization. Spontaneous fluctuations of blood oxygenation level-dependent (BOLD) signals across the brain in functionally related brain regions are correlated with each other in the absence of external stimuli, and the patterns of these correlations have been thought to reveal intrinsic relations of brain regions (Biswal et al., 1995; Greicius et al., 2003; Beckmann et al., 2005) . Presumably, the frequent co-activation of brain regions sculpts an intrinsic functional brain architecture or functional connectivity of neural networks that are detected in the resting state. Here, we asked if individual differences in emotion regulation are associated with differences in the intrinsic functional architecture of the brain measured in the resting state.
Our resting-state analyses focused on the two brain regions most consistently associated with emotion regulation, the amygdala and the dorsolateral prefrontal cortical (DLPFC) (Buhle et al., 2013) . Prior resting-state studies have associated the amygdala with the major midline nodes of DMN, MPFC and the posterior cingulate cortex (PCC) (Banks et al., 2007; Johnstone et al., 2007) , suggesting the importance of the interplay between these brain regions in healthy emotional regulation. Consistent with the possibility that functional connectivity between the amygdala and DMN regions may play a role in emotion regulation are findings of amygdala-DMN hyperconnectivity in psychiatric disorders conceptualized as involving impaired emotion regulation, such as depression and anxiety (Gee et al., 2013; Xu et al., 2013; Baeken et al., 2014) . Several studies have also reported decreased resting-state connectivity within the cognitive control network (e.g. DLPFC) in patients with depression (Veer et al., 2010; Alexopoulos et al., 2012; Ye et al., 2012) that might contribute to difficulty in cognitive control and emotion regulation. We therefore hypothesized that variation DLPFC and in amygdala-DMN resting state functional connectivity would be associated with variation in emotion regulation ability.
The experimental design followed the typical measurement of brain activations associated with the cognitive reappraisal as a strategy for down-regulating negative affect (Ochsner et al., 2002; Ochsner et al., 2004; Wager et al., 2008) . Participants viewed pictures in three conditions: (i) an Attend Neutral condition in which they saw neutral pictures; (ii) an Attend Negative condition in which they saw negative pictures and (iii) a Reappraise Negative condition in which they saw negative pictures and attempted to regulate their negative emotional responses via cognitive reappraisal. After each picture, participants rated their current state of neutral-to-negative affect.
Behaviorally, we expected greater negative affect following negative than neutral pictures, but a reduction of negative affect for negative pictures following reappraisal. For brain activation, we expected that participants in the Reappraise Negative condition relative to the Attend Negative condition would exhibit greater activations in cognitive control regions, such as prefrontal and parietal cortices, and lesser activation in the amygdala. The critical analyses related to individual differences in reappraisal success (or failure) calculated as the difference in negative affect for the Attend Negative vs Reappraise Negative conditions, and the relation of those differences to variation in amygdala and DLPFC functional connectivity measured in the same individuals in the resting state.
In order to relate emotion regulation ability (i.e. reappraisal success) as measured during imaging to trait measures of affective characteristics, we also administered the State-Trait Anxiety Index, Trait Scale (STAI-T) (Spielberger et al., 1983) , which measures anxiety experienced in daily life, the Positive Affect Negative Affect Scale, Form X (PANAS-X) (Watson and Clark, 1994) , which measures ongoing positive or negative emotional experiences, and the Difficulties in Emotional Regulation Scale (DERS) (Gratz and Roemer, 2004) , which measures selfreported emotion regulation. We hypothesized that superior emotion regulation in the scanner task would be positively correlated with these widely used measures of affective traits.
Methods

Participants
The final sample consisted of 62 right-handed participants (30 males, 32 females; mean age ¼ 22.3 6 1.6 years); of these 75% were Caucasian, 10% Asian American, 5% multi-racial, 3% African-American, 3% Pacific Islander and 2% declined to report race/ethnicity. From the original 72 participants enrolled from the community through advertising in the local media, eight participants either did not complete the experimental tasks or had excessive movement in the scanner (>10% outlier volumes), which rendered their data invalid, and two participants enrolled in the study were later found to be ineligible (one could not fit in the scanner, and one was currently taking medication for ADHD). One additional participant was removed only from the resting-state analysis due to excessive motion.
In order to have participants reflect a broad range of emotion regulation ability, they were selected on the basis of their responses to DERS (Gratz and Roemer, 2004) , a 36-item scale measuring self report of emotions and emotion regulation. Equal numbers of participants were selected to score below 53, 54-72 or above 73 points on the DERS. Consent was obtained for all participants, and the Institutional Review Boards at Massachusetts General Hospital and Massachusetts Institute of Technology approved this study.
Exclusion criteria included major sensorimotor handicaps (paralysis, deafness, blindness), history of psychosis, autism, currently taking psychiatric medication, inadequate command of the English language, IQ below 80, any conditions incompatible with Magnetic Resonance Imaging (MRI) scanning (e.g. certain types of metal in the body, claustrophobia), positive pregnancy test or history of traumatic head injuries. All study procedures were approved by the Institutional Review Board and all participants signed a written consent form. Participants were compensated $125.00 for completing all study procedures ($25 were given for completing the questionnaires, $50 for cognitive assessments and $50 for MRI). If participants could not complete the MRI procedures, they were compensated $25.00 per 15 min of scan time. In addition, participants were reimbursed for parking and child care when needed.
Participants also filled out two additional questionnaires. One questionnaire was STAI-T (Spielberger et al., 1983) . The STAI-T consists of 20 statements, each of which the participant rates as to how well it describes him or her on a four-point scale ('almost never' to 'almost always'). The STAI-T has strong internal consistency (a ¼ 0.89) and concurrent validity (r ¼ 0.71-0.85) (Bieling et al., 1998) , and good reliability (Spielberger et al., 1983) . The other questionnaire was PANAS-X. The PANAS-X is a psychometrically sound measure of positive and negative affect (Watson and Clark, 1994 ) that consists of a list of 60 feelings (30 positive, 30 negative), and instructs participants to rate on a five-point scale ('not at all/very slightly' to 'extremely') the degree to which they experienced each feeling that day.
Experimental design
Reappraisal task
The design of the paradigm was based on a study by Wager et al. (2008) . Participants viewed pictures drawn from the International Affective Picture System (IAPS) (Lang et al., 2005) , normed for elicitation of negative or neutral emotional response. Participants were presented with a negative picture and were instructed to either: (i) attend to the picture, by naturally experiencing the emotional state elicited by the picture, or (ii) to reappraise, whereby participants reinterpreted the picture in an effort to reduce their negative feelings about it. Neutrally valenced pictures were always preceded by instruction to attend to them. At the end of each trial, participants rated the degree to which they were experiencing a negative emotional reaction to the preceding picture on a five-point Likert scale (0 ¼ 'not at all negative' to 4 ¼ 'extremely negative'), similarly designed as the scale used in the reappraisal task by Wager et al. (2008) . Before entering the scanner, participants received brief training on how to respond to the pictures (i.e. how to respond to 'attend' vs 'decrease' instructions, as described next) and were given a chance to practice the task. A 'reappraisal score' for each participant was calculated as the difference (i.e. the reduced negative affect) between the mean reported negative affect for the Attend Negative condition minus the Reappraise Negative condition during scanning.
Sixty stimuli from the IAPS were used for the three conditions. One condition was comprised of 20 neutral pictures for the Attend Neutral condition (valence mean ¼ 5.1, arousal mean ¼ 3.3). Two sets of 20 equated negative pictures (set A: valence mean ¼ 2.2, arousal mean ¼ 5.7); set B: valence mean ¼ 2.2, arousal mean ¼ 5.7) were used in either the Attend Negative or Reappraise Negative conditions, with each set counterbalanced across conditions across participants. Optimized trial schedules were created (Dale, 1999) , which determined the order based on a block-randomization of stimuli such that every 12 stimuli included four trials of each condition.
Each trial started with a 2-s display instructing the participant to attend or reappraise either neutral or negative images in the current trial. The instructions were followed by 4 s of anticipatory interval during which an image of a fixation cross was shown. This was followed by 8 s of the showing of the image. This was followed by a 4-or 7-s jittered interstimulus interval (ISI; a period of null event where a fixation cross was presented on the screen); 4 and 7 s ISIs were evenly distributed between blocks and were randomized within blocks. Following the ISI, participants were asked to rate their negative affect on the Likert scale (2.9 s). The trial concluded with a 4-or 7-s jittered ISI (Figure 1 ).
MRI procedures
Acquisition Data were collected with a Siemens Tim Trio 3.0T. The functional MRI task acquisition parameters were TR ¼ 2000 ms, TE ¼ 30 ms, slice thickness ¼ 4 mm, and a total of 841 acquisitions in addition to four dummy scans. In addition, all participants underwent a resting fMRI scan for which they were instructed to keep their eyes open, and the screen was blanked. The voxel size was 2 Â 2 Â 2 mm, TR ¼ 6000 ms, TE ¼ 30 ms, slices ¼ 67 with a total of 62 acquisitions. A structural MPRAGE image was also collected (slices ¼ 176, TR ¼ 2530 ms, TE ¼ 3.42 ms, voxel size ¼ 1 Â 1 Â 1 mm; 5 min 53 s). The total duration of the scanning session was $ 1 h. All fMRI stimuli were generated using a MacBook Pro using Matlab software (Mathworks, Natick, MA).
Data analyses
FMRI data were preprocessed using Statistical Parametric Mapping (SPM8; Welcome Department of Cognitive Neurology) and using custom routines in MATLAB (Mathworks, Inc.). Preprocessing included correction for bulk head motion, spatial normalization and spatial smoothing with a Gaussian filter. To address spurious correlations in resting-state networks caused by head motion, we used quality assurance software Artifact Detection Tools (http://www.nitrc.org/projects/artifact_detect) to identify problematic time points during the scan. Specifically, an image was defined as an outlier image if the head displacement in x, y or z direction was >0.5 mm from the previous frame, or if the global mean intensity in the image was greater than three standard deviations from the mean image intensity for the entire resting scan. A single regressor for each outlier image was included in the first level general linear model along with motion parameters and first order derivatives.
Task analysis
Following preprocessing, statistical analysis was performed at the single-participant level using SPM. SPM treated each voxel according to a general linear model, taking into account the intrinsic autocorrelation in fMRI data imposed by the slow hemodynamic response. Low-frequency components of the fMRI signal were modeled as confounding covariates using a set of cosine bias functions in order to increase sensitivity to signals of interest.
We examined two condition contrasts. Greater activation for the Attend Negative than the Attend Neutral conditions validated the response to negative stimuli. Greater or lesser activation for the Reappraise Negative than the Attend Negative conditions identified brain regions engaged in reappraisal. To examine the neural correlates of individual differences in reappraisal effectiveness, we performed a whole-brain regression between individual reappraisal scores and activation differences between the Reappraisal Negative and Attend Negative conditions.
Resting-state analysis Functional connectivity analysis was performed using the Connectivity Toolbox (Whitfield-Gabrieli and Nieto-Castanon, 2012). We performed seed-voxel correlations by estimating maps showing temporal correlations between the BOLD signal from seed regions and every other voxel in the brain.
Seed definitions
We defined a priori left and right anatomical amygdalae seed regions based on the WFU_pickatlas (Maldjian et al., 2003) . We also defined left and right DLPFC seed regions based on a 10 mm sphere around the peak voxel of the fMRI group Reappraisal > Look Negative contrast located within BA areas 9 and 46.
Noise removal
Physiological and other spurious sources of noise were estimated and regressed using the anatomical CompCor method (aCompCor) (Behzadi et al., 2007) rather than global signal regression, a widely used preprocessing method known to mathematically generate negative correlations and systematically alter network structure (Murphy et al., 2009; Saad et al., 2012) . The anatomical image for each participant was segmented into white matter (WM), gray matter and cerebrospinal fluid (CSF) masks using SPM8. To minimize partial voluming with gray matter, the WM and CSF masks were eroded by one voxel, which resulted in substantially smaller masks than the original segmentation. The eroded WM and CSF masks were then used as noise regions of interest (ROIs). Signals from the WM and CSF noise ROIs were extracted from the unsmoothed functional volumes to avoid additional risk of contaminating WM and CSF signals with gray matter signals.
Resting state functional connectivity and reappraisal To examine the neural correlates of individual differences in reappraisal effectiveness, we performed a whole-brain regression between reappraisal scores and resting state functional connectivity with the anatomically defined amygdalae and functionally defined DLPFC seed regions.
Overlap of DMN and amygdala seeded clusters
We calculated the mean DMN resting state functional connectivity for all participants. First, we defined DMN seeds as 10 mm spheres around the peak coordinates of the MPFC, PCC and right/left parietal (RLP/LLP) from the literature (Fox et al., 2005) . Then, we took the mean of these four seeds to define one overall group DMN seed and performed a one sample test on the Fischer transformed r-maps. Finally, we overlaid the amygdala seed based clusters, which were significantly correlated with the reappraisal success, onto the group DMN.
Statistical thresholds
All imaging analyses were corrected for multiple comparisons with an initial height threshold of P ¼ 0.001 and a family wise error (FWE) cluster level corrected of P > 0.05.
Results
Behavioral responses to reappraisal task
Participants reported significantly greater negative affect when attending to negative pictures (mean 3.43 6 0.72) than neutral pictures (1.19 6 0.20) [t (61) ¼ 25.10, P < 0.001], and reported that reappraisal (2.48 6 0.68) significantly reduced negative affect for negative pictures [t (61) ¼ 11.68, P < 0.001].
Correlation between reappraisal score and self-report trait measures
Reappraisal scores had a significant negative correlation with STAI-T scores (r ¼ À0.29, P < 0.05) and a significant positive correlation with the PANAS positive emotion scores (r ¼ 0.34, P < 0.01) (but no significant correlation with PANAS negative emotion scores (r ¼ À0.13, P ¼ 0.32). DERS scores did not correlate with reappraisal scores (r ¼ À0.019, P ¼ 0.88) or PANAS negative scores (r ¼ 0.02, P ¼ 0.90), but had a significant positive correlation with STAI-T scores (r ¼ 0.61, P < 0.0001) and a significant negative correlation with PANAS positive scores (r ¼ À0.31, P ¼ 0.02).
Neuroimaging
Attend negative > attend neutral There was widespread bilateral activation for attending to negative relative to neutral pictures (Figure 2 ; Table 1a ). There was significant positive activation in clusters that included bilateral occipital regions, frontal middle gyrus (BA9/46), supplementary motor areas (BA6/8), insula and cerebellum. The activation extended bilaterally into the amygdala. There were also negative activations (i.e. Attend Neutral > Attend Negative) primarily in regions of the DMN (e.g. BA 10).
Reappraise negative > attend negative There was also widespread bilateral activation for the cognitive reappraisal of negative pictures (Figure 3; Table 1b ). There were significant positive activations in multiple prefrontal regions including laterally in bilateral middle and inferior frontal gyri and medially in anterior cingulate cortex and dorsomedial prefrontal cortex. There were also activations posteriorly in inferior parietal lobule (IPL), angular gyrus and precuneus. There was one small region of negative activation. 
Laterality of activations
It appeared that activations for attending to negative vs neutral pictures were more extensive in the right hemisphere, whereas activations related to cognitive reappraisal of negative pictures were more extensive in the left hemisphere. In order to quantitatively evaluate this apparent cerebral asymmetry, we compared activations between homologous regions of the two hemispheres in each contrast. There were significantly greater activations for attending to negative relative to neutral pictures in the right hemisphere (Figure 4a ), whereas there were significantly greater activations for reappraising relative to attending to negative pictures in the left hemisphere (Figure 4b ).
Correlation between reappraisal success and activations
Across participants, greater reappraisal success correlated significantly and positively with greater activation in dorsomedial and lateral prefrontal cortices bilaterally ( Figure 5 ; Table 2 ).
Correlation between reappraisal success and resting-state functional connectivity Across participants, greater reappraisal success correlated significantly and negatively with functional connectivity between the right amygdala seed and clusters in the MPFC and the PCC (Figure 6a and b; Table 3 ) (there was no correlation with the left amygdala). The locations of these MPFC and PCC regions overlapped with the groups' mean DMN (Figure 6c ). Across participants, greater reappraisal success correlated significantly and negatively with functional connectivity between the left DLPFC and also the right DLPFC and ipsilateral posterior regions of occipital cortex and fusiform gyrus (Figure 7a and b; Table 4 ). Connectivity between right DLPFC and anterior cingulate cortex Red/yellow clusters depict significant activations; blue clusters depict significant deactivations. also correlated significantly and negatively with greater reappraisal success.
Reappraisal Success
Discussion
Individual differences in emotion regulation ability, specifically the ability to down-regulate negative emotions in response to negative experiences, were associated with variation in the intrinsic functional brain architecture of the human brain. Successful regulation resulted in a positive emotional benefit with participants reporting significantly less negative emotion after successful reappraisal than after attending to negative pictures. There was a corresponding increase of activation for reappraising relative to attending to negative pictures that was especially pronounced in medial and lateral prefrontal and parietal regions that are known to be associated with cognitive control. The effectiveness of reappraisal varied behaviorally across participants, with more successful regulation associated with greater activation in lateral and medial prefrontal regions. effectiveness was also related to variation in the intrinsic functional architecture of the brain. At rest, individuals with greater regulation ability exhibited (i) lesser functional connectivity between the right amygdala and the two major components of the DMN, MPFC and PCC; and (ii) lesser functional connectivity between both left and right DLPFC and ipsilateral posterior visual regions.
The task-related activations in the present study paralleled those reported in prior neuroimaging studies comparing reappraisal and attending conditions for the down-regulation of negative emotion in response to negative experiences. Simply attending to negative vs neutral pictures resulted in participants reporting significantly more negative affect, and invoked greater activation in many regions, including lateral and medial prefrontal cortices, parietal cortex, and amygdala. Reappraising vs attending to negative pictures resulted in participants reporting significantly less negative affect, and invoked greater activation in similar brain regions, including prefrontal, parietal and temporal regions. Activation of these brain regions that are thought to support cognitive control may reflect the cognitive restructuring needed to override an initial negative emotional response to an overtly negative stimulus (Ochsner et al., 2002) . The overall pattern of brain activations observed resembles those reported in the initial studies of reappraisal (Ochsner et al., 2002; Ochsner et al., 2004) as well as a meta-analysis of 48 neuroimaging studies of reappraisal (Buhle et al., 2013) . The main exception was that in the present study there was not the expected measureable decrease of activation in the amygdala during reappraisal (although there was amygdala activation for viewing negative vs neutral pictures).
We also found evidence for a functional cerebral asymmetry in viewing vs reappraising negative pictures. There was significantly greater activation in the right than the left hemisphere for viewing negative vs neutral pictures. In contrast, there was significantly greater activation in the left than right hemisphere for reappraising than viewing negative pictures [as in Johnstone et al. (2007) ]. Most prior neuroimaging studies of emotion regulation have noted bilateral activations for both viewing and reappraising negative pictures, as was found in the present study, and not examined statistically whether there was cerebral asymmetry of activation for either contrast. The cerebral asymmetry revealed in the present study for viewing vs regulating negative stimuli can be related to evidence that there is hemispheric specialization for negative and positive emotions. The valence hypothesis of the representation of emotions in the brain posits that positive (or approach-related) emotion processes are cortically left-lateralized whereas negative (or avoidance-related) emotion processes are cortically right-lateralized (Sackheim et al., 1982; Silberman and Weingartner, 1986; Davidson, 1992) . In this study, there were bilateral activations in both contrasts, so the cerebral asymmetry is one of relative specialization rather than absolute dominance. Nevertheless, there was a relatively right-lateralized pattern of neocortical activation for the negative emotional experience associated with viewing negative pictures, and a relatively left-lateralized pattern of neocortical activation for the reappraisal of negative pictures that enhanced positive emotional experience.
Participants varied in their ability to regulate negative emotions, and this ability as measured in scanner task performance correlated with scores on two questionnaires widely used in personality and clinical research. Successful behavioral emotion regulation correlated with lesser trait anxiety as measured by STAI-T (Spielberger et al., 1983) and with greater positive affect as measured by PANAS-X (Watson and Clark, 1994) . STAI-T asks people about the typical anxiety they experience in daily life, and the PANAS positive affect scale asks people about their positive emotional experiences that day as an index of ongoing positive emotional experiences. Thus, better emotion regulation during neuroimaging was associated with less anxiety and more positive affect in everyday life (and conversely, worse emotion regulation was associated with greater anxiety and less positive affect). This is congruent with the extant literature documenting that poor emotion regulation through reappraisal of negative stimuli is associated with a number of clinical states, including measures of depression and anxiety (e.g. Gross and John, 2003) . Thus, the variation in emotion regulation during scanning appears to reflect ecological variation in everyday positive and negative mental health. The brain basis for better or worse emotion regulation was identified by correlations between emotion regulation success and activation differences in reappraisal vs attending to negative pictures. Participants who had more successful emotion regulation tended to have greater activation in dorsomedial prefrontal, lateral prefrontal and PCC bilaterally. These brainbehavior/emotion correlations are similar to those reported in a prior study of individual differences in emotion regulation success (Wager et al., 2008) . Other studies have reported that successful reappraisal involves increased activation of lateral and medial prefrontal regions that, in turn, down-regulate amygdala activation (Ochsner et al., 2002; Ochsner et al., 2004; Phan et al., 2005) , thus confirming the importance of prefrontal activations and the functional interplay between frontal and limbic regions in the process of the healthy regulation of emotions. Analysis of resting-state correlations with the amygdala revealed that variation in the intrinsic functional organization of the brain (functional connectivity) was also related to variation in reappraisal success even in the absence of emotional stimuli. Specifically, individuals with greater reappraisal ability exhibited less functional connectivity between (i) right amygdala and both MPFC and PCC, and (ii) left and right DLPFC and ipsilateral visual cortices. No prior study has related restingstate intrinsic functional organization to variation in successful or impaired emotion regulation. One study examined task-rest interactions that occurred in a similar emotion regulation paradigm during inter-trial intervals (Lamke et al., 2014) . Regulation of negative emotion had differential effects during stimulation (when there was an image and an active task that participants needed to engage in) and fixation (when participants were instructed to simply look at the screen) periods in the amygdala vs DLPFC and DMN regions.
It is noteworthy that greater emotion regulation ability was associated with lesser functional connectivity with the two brain regions most associated with emotion regulation, prefrontal cortex and amygdala. Speculatively, greater intrinsic independence of these brain regions may promote the ability to reconstruct through reappraisal the emotional interpretation of negative experiences. Thus, weaker functional connectivity between the prefrontal cortices and ispilateral visual cortices may diminish the bottom-up, stimulus-driven capture of thought from visual inputs (negative scenes), and permit greater flexibility in top-down, goal-driven prefrontal mediation of reappraisal. Weaker functional connectivity between the right amygdala and the two major hubs of the DMN (MPFC and PCC) may also facilitate emotion regulation because the DMN is also implicated in self-referential processing (Raichle et al., 2001; Kelley et al., 2002; Whitfield-Gabrieli et al., 2011) . Weaker functional connectivity between the right amygdala and the DMN may facilitate goal-driven modulation of the amygdala (although it is unclear why this was observed only in the right amygdala).
Aligned with the present finding that superior emotion regulation was associated with lesser amygdala-DMN intrinsic functional connectivity, prior studies indicated that greater functional relations between the amygdala and the DMN increase the risk for maladaptive affective and anxiety states. Increased amygdala-DMN functional connectivity has been reported in adults with traits associated with high levels of anxiety, pessimism and inhibition, as well as in previously institutionalized children presenting with anxiety (Gee et al., 2013; Xu et al., 2013; Baeken et al., 2014) . Hyperconnectivity between the DMN and the limbic system has been reported in people with subsyndromal and clinical major depressive disorders (Greicius et al., 2007; Felder et al., 2012) . These deficits in functional connectivity also may be malleable with treatment such as antidepressants (Anand et al., 2007) .
Resting-state measures of temporal correlations among brain regions are thought to reveal the intrinsic functional architecture of the brain into networks that reflect ongoing experiences. Although activation studies, and individual differences in such activations, allow for well-controlled experimental conditions, they reveal only transitory responses to stimulus provocation. In contrast, resting-state functional networks cannot be characterized by controlled experimental conditions, but they may reflect stable functional brain organization sculpted by long-term experiences that induce the networks. The nature of these networks may, in turn, encourage or discourage particular patterns of associated emotions and behaviors.
The present study indicates that greater ongoing functional connectivity between the right amygdala and major hubs of the DMN and between DLPFC and ipsilateral visual cortices may jeopardize the ability to cognitively regulate negative emotions and thus promote negative emotional experiences.
Several limitations of this study can be noted. First, it is unclear why scores on the DERS measure of self-reported emotion regulation ability was unrelated to either emotion regulation performance or the neural correlates of that performance. Second, the final sample of 62 participants were mostly Caucasian (75%), so the findings should be examined in a more diverse sample. Third, there were no specific instructions given to participants during the 4-7 s ITI. Due to the lack of tasks, stimuli, or instructions, the participants may have ruminated, self-referenced, or continued to reappraise during this time, and this may have affected their emotional ratings in the reappraisal task. Additionally, participants were instructed to keep their eyes open and were monitored by study staff to confirm that their eyes were open during the resting state scanning, but we did not perform electroencephalography (EEG) to confirm that they were not asleep during any of the 6 min of the resting state procedure. Regions with decreased connectivity to the dorsal lateral prefrontal cortex correlated with reappraisal scores. Coordinates (x y z) are based on MNI brain (Montreal Neurologic Institute). k, cluster size. BA, Brodmann area. P-corrected, cluster-level FWE-corrected p value. The seeds were 10 mm spheres around local maxima from the Reappraisal > Negative Attend. Left Dorsal Lateral Prefrontal Seed was centered around (À28, 48, 6), and Right Dorsal Lateral Prefrontal Seed was centered around (26, 50, 14) . Results from this study suggest that successful reappraisal is associated with (i) less trait anxiety and more positive emotion in everyday life; (ii) greater activation in medial and lateral prefrontal regions bilaterally; (iii) lesser intrinsic functional connectivity between right amygdala and both medial prefrontal and PCC that are the major hubs of the DMN and (iv) lesser intrinsic functional connectivity between left and right DLPFC and ipsilateral visual cortices. These findings are congruent with the literature that documents impaired activitation and functional connectivity in similar neural circuits in diagnoses such as major depressive disorder and anxiety disorders that are known to be associated with reappraisal failure (Aldao et al., 2010) . Further research is needed to evaluate whether these abnormalities in the level of activation and intrinsic brain functional architecture associated with reappraisal failure could represent neurobiological biomarkers of risk for mood and anxiety disorders, an area of high clinical, scientific and public health relevance. Effective treatment for or prevention of such mental health difficulties may require a beneficial restructuring of the identified intrinsic functional networks so as to support more effective reappraisal, less anxiety and greater positive emotion.
